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DETAILED ACTION 

Drawings 

1 . Figures 7 and 8 sliould be designated by a legend sucli as -Prior Art-- 
because only that which is old is illustrated. See MPEP § 608.02(g). Corrected 
drawings in compliance with 37 CFR 1.121(d) are required in reply to the Office 
action to avoid abandonment of the application. The replacement sheet(s) should 
be labeled "Replacement Sheet" in the page header (as per 37 CFR 1 .84(c)) so 
as not to obstruct any portion of the drawing figures. If the changes are not 
accepted by the examiner, the applicant will be notified and informed of any 
required corrective action in the next Office action. The objection to the drawings 
will not be held in abeyance. 



Claim Rejections - 35 USC § 102(b) 

2. The following is a quotation of the appropriate paragraphs of 35 
U.S.C. 102 that form the basis for the rejections under this section made in this 
Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in 
the United States. 

Claims 1-2, 4-6, 8, and 14-15 are rejected under 35 U.S.C 102(b) as being 
anticipated by Watanabe (5,552,629). 

With regard to claim 1, figure 6 of Watanabe discloses a semiconductor 
photo-detecting element comprising, wherein at least a buffer layer 12 of the first 
conductivity type P, a light-absorbing layer 13, a field buffer layer 14 of the first 
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conductivity type P, a multiplication layer 15, an etching stopper layer 1 15, a 
buffer layer 16 of the second conductivity type N, and a contact layer 17 of the 
second conductivity type N formed on a semiconductor substrate 1 1 in this order, 
and a field strength ("less than 300 kV/cm") applied to the etching stopper layer 
1 15 is lower than a field strength ("600 kV/cm") applied to the multiplication layer 
15. See col 7 lines 24-31 . 

With regard to claim 2, figure 6 of Watanabe discloses the limitation, 
wherein an impurity of the light-absorbing layer 13 is the first conductivity type P. 

With regard to claim 4, figure 6 of Watanabe discloses the limitation, 
wherein a breakdown electrical field strength of the etching stopper layer 115 
("InP") is lower than a breakdown electrical field strength of the multiplication 
layer 15 ("InAIGaAs/lnAIAs") and in that the field strength applied ("less than 300 
kV/cm") to the etching stopper layer 1 15 is lower than the breakdown electrical 
field strength of the etching stopper layer 115 ("InP"). See col 5 lines 23-27. 

With regard to claim 5, figure 6 of Watanabe discloses the breakdown 
electrical field strength of the etching stopper layer 115 ("InP") is lower than the 
breakdown electrical field strength of the multiplication layer 15 
("InAIGaAs/lnAIAs"), and in that the field strength applied to the multiplication 
layer 15 is higher than the breakdown electrical field strength ("600 kV/cm") of 
the etching stopper layer 115 ("InP"). See col 5 lines 23-27 and col 7 line 25. 

With regard to claim 6, figure 6 of Watanabe discloses the limitation, 
wherein between the multiplication layer ("InAIGaAs/lnAIAs") 15 and the etching 
layer 1 15 there is provided a field buffer layer ("InAIAs") (top of multiplication 
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layer 15) of the second conductivity type N whicli relaxes the field of the 
multiplication layer 15. 

With regard to claim 8, figure 6 of Watanabe discloses the limitation, 
wherein an impurity of the multiplication layer 15 is the second conductivity type 
N. See col 8 line 35. 

With regard to claim 14, figure 6 of Watanabe discloses the limitation, 
wherein the layer thickness (dm (cm)) (".23 um") of the multiplication layer 15, the 
impurity concentration of the second conductivity type N (Ndm (cm'^-3)) ("2e15 
cm'^-3"), and the magnitude of the electric field (AEm (kV/cm)) ("600 kV/cm") 
which relaxes the field strength applied to the multiplication layer 15 satisfy the 
relationship Ndm >.k x eO x AEm/(q xdm); (2e15 > ((12.5 * 8.85e-14 * 600) / 
1 .6e-19) / .000023) (where k is the dielectric constant (12.5) of the multiplication 
layer 15, eO is the permittivity in a vacuum (8.85e-14 (permittivity in a vacuum, 
cm)), and q (1 .6e-19 c) is the elementary quantity of electric discharge). See col 
7 lines 24-31 and col 8 lines 35-39. 

With regard to claim 15, figure 6 of Watanabe disclose the limitation, 
wherein the layer thickness (dk (cm)) ("1 um") of the field buffer layer (top of 
multiplication layer 15) ("InAIAs") of the second conductivity type N, the impurity 
concentration of the second conductivity type (Ndk (cm'^-3)) ("2e15 cm'^-3"), and 
the magnitude of the electric field (AEk (kV/cm)) ("600 kV/cm") which relaxes the 
field strength applied to the multiplication layer 15 satisfy the relationship Ndk > k 
X eO X AEk/(q x dk) (2e1 5 > ((1 2.5 * 8.85e-1 4 * 600) / 1 .6e-1 9) / .0001 ); (where k 
(12.5) is the dielectric constant of the field buffer layer (top of mutliplcation layer 
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14, "InAIAs"), eO is the permittivity in a vacuum (8.85e-14 (permittivity in a 
vacuum, cm)), and q (1 .6e-19 c) Is the elementary quantity of electric discharge). 
See col 7 lines 24-31 and col 8 lines 35-39. 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for 

all obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

Claims 3, 7, and 9 are rejected under 35 U.S.C 103(a) as being 
unpatentable over Watanabe (5,552,629) in view of Funaba (5,281 ,844). 

With regard to claim 3, Watanabe discloses all the subject matter claimed 
except for the limitation, wherein an impurity of the light-absorbing layer Is the 
second conductivity type. 

However, figure 3 of Funaba discloses the limitation, wherein an impurity 
of the light-absorbing layer 12 is the second conductivity type N. 

Therefore, it would have been obvious to one of ordinary skill in the art to 
form the device of Watanabe with the limitation of Funaba in order to improve the 
response of the device. See col 5 line 1 7. 

With regard to claim 7, figure 6 of Watanabe discloses all the subject 
matter claimed except for the limitation, wherein an impurity of the multiplication 
layer is of the first conductivity type. 
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However, figure 3 of Funaba discloses tine limitation, wherein an impurity 
of the multiplication layer 14 is of the first conductivity type p ("mutliplcation layer 
14 may be p-type"). See col 6 line 14. 

Therefore, it would have been obvious to one of ordinary skill in the art to 
form the device of Watanabe with the limitation of Funaba in order to improve the 
response of the device. See col 5 line 17. 

With regard to claim 9, figure 6 of Watanabe discloses the limitation, 
wherein an impurity of the multiplication layer 15 is of the second conductivity 
type N. 

Watanabe does not disclose that the multiplication layer has an impurity 
concentration of not less than 1 x IC^IG (cm'^-3). 

However, Funaba discloses the multiplication layer 14 has an impurity 
concentration of not less than 1 x 10'^16 (cm'^-3) ("5 xlO'^16 cm'^-3"). See col 5 
line 28. 

Therefore, it would have been obvious to one of ordinary skill in the art to 
form the device of Watanabe with the limitation of Funaba in order to improve the 
response of the device. See col 5 line 1 7. 

Claims 10-13 are rejected under 35 U.S.C 103(a) as being unpatentable 
over Watanabe (5,552,629) in view of Clark (2003/0226952). 

With regard to claim 10, Watanabe discloses all the subject matter 
claimed except for the limitation, wherein the multiplication layer is a single layer 
in which the ratio of elements forming the multiplication layer is constant. 
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However, figure 2 of Claris discloses the limitation, wherein the 
multiplication layer 104 is a single layer ("InAIAs") in which the ratio of elements 
forming the multiplication layer 104 is constant. See par [0031]. 

Therefore, it would have been obvious to one of ordinary skill in art to form 
the device of Watanabe with the limitation of Clark in order to provide an 
avalanche photodiode characterized by low noise and high gain bandwith. See 
par [0010] of Clark. 

With regard to claim 1 1 , Watanabe discloses all the subject matter 
claimed except for the limitation, wherein the multiplication layer is a layer formed 
from InAIAs. 

However, figure 2 of Clark disclose the limitation, wherein the 
multiplication layer is a layer formed from InAIAs. 

Therefore, it would have been obvious to one of ordinary skill in art to form 
the device of Watanabe with the limitation of Clark in order to provide an 
avalanche photodiode characterized by low noise and high gain bandwith. See 
par [0010] of Clark. 

With regard to claim 12, figure 6 of Watanabe discloses, wherein 
the multiplication layer 15 has a thickness of not more than 0.3 um ("0.23 um"). 
See col 8 line 38. 

With regard to claim 13, figure 6 of Watanabe disclose, wherein 
the etching stopper layer 115 is a layer formed from InP ("InP") or lnxGa(1- 
x)AsyP(1 -y) (0 < X < 1 .0, 0 < y < 1 .0). See col 5 line 26. 
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4. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Benjamin T. Liu whose telephone number is 
(571) 272-6009. The examiner can normally be reached on Mon-Fri 9:30 AM- 
6:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Davienne Monbleau can be reached on 571 272 1945. 
The fax phone number for the organization where this application or proceeding 
is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from 
the Patent Application Information Retrieval (PAIR) system. Status information 
for published applications may be obtained from either Private PAIR or Public 
PAIR. Status information for unpublished applications is available through 
Private PAIR only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll- 
free). If you would like assistance from a USPTO Customer Service 
Representative or access to the automated information system, call 800-786- 
9199 (IN USA OR CANADA) or 571-272-1000. 
BTL 

7/28/2008 



/Ngan Ngo/ 

Primary Examiner, Art Unit 2893 



